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Introduction
The nucleus tractus solitarius (NTS), located in the dorsal medulla, is crucial for central respiratory and autonomic regulation. The first neuronal synaptic contacts of nearly all visceral sensory input, including the afferent pathways of all cardio-respiratory reflexes, are located in the NTS (Andresen and Kunze, 1994; Hayashi et al., 1996) . In addition, NTS circuitry plays a role in controlling baseline sympathetic activity and contains neurons that are part of the dorsal respiratory column, thus contributing to regulate eupneic breathing (Abdala et al., 2009; Andresen and Kunze, 1994; Costa Silva et al., 2010; Subramanian et al., 2007) . Normal neuronal function in the NTS has already been shown to be essential for the generation of an eupneic respiratory pattern, as inhibition of ionotropic glutamatergic neurotransmission in this region induces marked changes in respiratory activity (Costa Silva et al., 2010) . Over the last decade, great advances have occurred in relation to the role of different neurotransmission systems and neuronal subtypes in the NTS on the regulation of breathing and autonomic activity (AccorsiMendonca et al., 2011; Braccialli et al., 2008; Costa Silva et al., 2010) . However, the underlying mechanisms of neuroplastic phenomena and neurotransmission regulation in this nucleus remain illdefined (Accorsi-Mendonca et al., 2009; Braga et al., 2007 Braga et al., , 2008 .
It is known that exposure to chronic intermittent hypoxia (CIH), an intense long-term physiological challenge, that can be observed in pathological conditions such as obstructive sleep apnea, can trigger neuroplastic adaptations in the NTS (Costa- Silva et al., 2012; de Paula et al., 2007; Kline et al., 2007; Kline, 2010) and change the pattern of respiratory and sympathetic outflow (Zoccal et al., , 2009b . CIH in rats affects glutamatergic neurotransmission (Costa-Silva et al., 2012; Kline et al., 2007) , causing significant increases in the expression of NMDAR1 and GluR2/3 receptor subunits and producing changes in glutamatergic modulation of respiratory and sympathetic activity (CostaSilva et al., 2012) .
CIH also changes the central mechanisms controlling the generation and integration of respiratory and sympathetic activities, leading to baseline active expiration, sympathetic overactivity and hypertension (Zoccal et al., 2009a (Zoccal et al., , 2009b . Rats exposed to CIH show an increase in sympathetic activity associated specifically with the late expiratory phase (Zoccal et al., 2009a (Zoccal et al., , 2009b . Although the physiological consequences of these respiratory and cardiovascular adaptations have been relatively well described, their cellular origins remain to be determined (Costa-Silva et al., 2012; Zoccal et al., 2009b) .
Over the past two decades, glial cells, particularly astrocytes, have been ''rediscovered'' as crucial active modulators of neural activity (Hamilton and Attwell, 2010; Haydon and Carmignoto, 2006; Machado et al., 2010; Panatier et al., 2011) . Astrocytes have been shown to release several signaling molecules, dubbed ''gliotransmitters'', such as ATP, glutamate and D-serine (Halassa et al., 2009; Haydon and Carmignoto, 2006) . These cells participate in synaptic regulation and neuronal network regulation in several regions of the brain, including the hippocampus (Fellin et al., 2006; Haydon and Carmignoto, 2006; Panatier et al., 2011; Pascual et al., 2005) , hypothalamus (Gordon et al., 2009; Oliet et al., 2006; Panatier and Oliet, 2006) , ventral medulla (Erlichman et al., 1998; Erlichman et al., 2008; Gourine et al., 2010; Huxtable et al., 2010) and to a lesser extent the NTS McDougal et al., 2011; Tashiro and Fig. 1 -Effects of CIH on respiratory-sympathetic coupling. Panel A: representative recording of a normoxic control rat, exhibiting a normal pattern of respiratory-sympathetic coupling. Panel B: representative recording of a rat previously exposed to 10 days of CIH, showing an increased level of SNA associated with the E-2 respiratory phase. Panel C: overlay of the R SNA recordings showed in A and B, demonstrating the increase in SNA during E-2 (black arrow). Panel D: mean values of SNA for each respiratory phase in normoxic control and CIH rats. Asterisks indicate a statistically significant difference between the indicated groups (two-way ANOVA; po0.05). Scale bars correspond to 500 ms. Kawai, 2007) . During hypoxia, these cells respond by releasing purines (such as ATP and adenosine), which are potent neuromodulators (Huxtable et al., 2010; Kulik et al., 2010; Martin et al., 2007) .
In the NTS, synapses have in average more than 50% of their perimeter covered by astrocyte processes (Chounlamountry and Kessler, 2011) , and glial coverage is thought to play an important role in regulating synaptic development in this region (Tashiro and Kawai, 2007) . NTS astrocytes cells can also mediate the gastrointestinal responses to several physiological challenges, such as trauma and inflammation , and respond directly to stimuli from the tractus solitarius (McDougal et al., 2011) , leading some authors to propose that these cells play a major role in homeostatic integration and control Lamy, 2012; Machado et al., 2010) .
We hypothesized that neuron-glia interactions in the NTS might also be important for the control of breathing, sympathetic activity and adaptations to CIH. Here we used stereotaxically-guided microinjections of fluorocitrate (FCt), a selective glial cell inhibitor (Fonnum et al., 1997; Paulsen et al., 1987) , to evaluate how the reduction of glial activity in the NTS could affect respiratory and sympathetic regulation in control and CIH-treated rats. All experiments were performed in the working heart-brainstem preparation (WHBP) of the rat, an in situ model for the study of brainstem neural circuitry involved in respiratory and autonomic regulation (Paton, 1996; Zoccal et al., 2008) .
Results
Rats were either exposed to CIH or kept in normoxia (Control). In accordance to previous studies of our laboratory frequency (F R) , inspiration time (T I ) and expiration time (T E ) ( Table 1) .
In the WHBP, we performed bilateral microinjections of fluorocitrate (FCt; 1 nmol/20 nL), a specific glial cell metabolic inhibitor (Fonnum et al., 1997; Paulsen et al., 1987) , or saline (vehicle; 20 nL) into the intermediate (iNTS) and caudal (cNTS) aspects of the NTS, regions that are described to contain neurons that are crucial for the control of respiratory and sympathetic activities (Costa Silva et al., 2010) . Only rats in which all four microinjections were confirmed to be located bilaterally in the iNTS and cNTS were included in the analyses (Fig. 2) . Representative recordings of PNA and SNA in our WHBP can be found in Fig. 3 Fig. 4 , Panel D). Microinjection of FCt in CIH rats also did not change SNA in relation to the control groups (e.g. DSNA 10 min after In addition, we found that FCt microinjections into the cNTS and iNTS did not change the pattern of respiratory-sympathetic coupling in rats exposed to CIH (Fig. 5 , Panel A, and 6, Panel A), i.e., acute glial inhibition did not change the SNA associated with the E-2 respiratory phase in the CIH-FCt group (e.g. 10 min after FCt microinjections: 54.4276.18%; p40.05). The values of SNA associated with E-1 and I were also unaffected (Fig. 6 , Panel A). Likewise, respiratory-sympathetic coupling was unaltered when we executed microinjections in the CIH-SAL, Control-FCt and Control-SAL groups (Fig. 5 , Panels B-D, and 6, Panels B-D). These results show that glial activity in the NTS is probably not involved in the regulation of respiratory-sympathetic coupling, nor is it necessary for the continuous manifestation of the sympathetic adaptations to CIH.
In order to certify the efficacy of FCt it was also microinjected into the ventral medullary surface, a brainstem region where glial cells are known to have a crucial function in regulating respiratory function. Previous studies in in situ preparations have already shown that metabolic inhibition of glial cells in the ventral medulla can directly affect the generation of respiratory rhythm (Hulsmann et al., 2000) , delay excitation propagation (Hulsmann et al., 2003) and abolish the respiratory responses to ATP (Huxtable et al., 2010) within this region. The chosen sites for microinjections of FCt where the caudal aspect of the rostral ventrolateral medulla (RVLM), which intersects with the Pre-Bö tzinger (RVLM/Pre-Bö tC) (Fig. 7 , Panels A and C), and the rostral aspect of the RVLM, which intersects with the Bö tC (RVLM/ Bö tC) (Fig. 7 , Panels B and D). All microinjections were performed bilaterally in accordance with methods described in previous studies from our laboratory (Moraes et al., 2012) .
FCt microinjections into the ventral medulla induced a marked increase in F R (e.g. DF R 60 min after microinjections; FCt: 331.10744.43% vs. SAL: 197.50737.30%; po0.05; Fig. 8 , Panels A and C) that correlated with a decrease in T E (e.g. DT E 60 min after microinjections; FCt: 31.2776.28% vs. SAL: 51.95712.53%; po0.05; Fig. 8 , Panels A-D). While vehicle microinjections also affected these variables, the effects of FCt were significantly greater than those observed in the SAL group (Fig. 8, Panels B-D) . We observed no significant difference between the FCt and the SAL groups in relation to T I (e.g. DT I 60 min after microinjections; FCt: 60.8578.30% vs. SAL: 79.8576.98%; p40.05) and mean SNA (e.g. DSNA 60 min after microinjections; FCt: 69.6476.55% vs. SAL: 56.00710.95%; p40.05). These results document that FCt microinjections in certain specific brainstem areas in the WHBP produces significant physiological effects in a 60 min time frame, confirming that the lack of effect observed in the NTS experiments were due to the characteristics of glial function within that nucleus.
Discussion
We show here that acute FCt-mediated glial inhibition in the cNTS and iNTS does not affect baseline respiratory and sympathetic activity of in situ rat preparations. Our results suggest that normal glial function in the NTS is not necessary, in the short term, for the regulatory effects of NTS circuitry on respiratory and sympathetic outflow. In control rats, the pattern of respiratory-sympathetic coupling is that of low SNA associated with expiration (E-1 and E-2) with an ramp increase in SNA during the inspiratory phase (Zoccal et al., 2009b) . Exposure to CIH shifts the pattern of respiratory-sympathetic coupling, increasing the relative amount of sympathetic activity associated with E-2 (Zoccal et al., , 2009b . Our results show that acute inhibition of glial function in the NTS does not affect CIH-induced changes in respiratory-sympathetic coupling. We do not, however, rule out the possibility that glial inhibition might change synaptic activity or local neuronal excitability in this nucleus. If these factors are indeed affected, this apparently does not result in significant changes in respiratory and sympathetic outflow. The FCt approach used in this study is an established method for studying brain activity in the absence of glial activity and is widely used by researchers in the field of neuron-glia interactions (Fonnum et al., 1997; Gordon et dosage used in this study has been previously shown to produce significant functional effects in cortical glial activity in vivo in a time frame of tens of minutes (Mirsattari et al., 2008; Willoughby et al., 2003) . Furthermore, as reported in Section 4 of the present study, microinjections of FCt in the ventral medulla (Fig. 7) produced a marked and prolonged increase in F R accompanied by a reduction in T E within a 1 h time frame (Fig. 8, panels A-D) . Both effects were significantly greater than those observed in the control group (saline), thus confirming that FCt microinjections into brainstem regions other than the NTS can produce measurable physiological effects under our experimental paradigm. All these corroborating factors support the concept that the absence of an observable effect of FCt microinjections in the cNTS and iNTS is due to the intrinsic characteristics of glial function in this important integrative nucleus in the brainstem.
Most studies on neuron-glia interactions, and in particular those on the role of these cells in baseline respiratory control, have been restricted to in vitro experimental models, such as brain slices and cell cultures (Hulsmann et al., 2000; Huxtable et al., 2010) . In the WHBP, the three-phase respiratory oscillator system which characterizes eupnea is kept intact, i.e. several regulatory regions work in series and in parallel in order to produce rhythmic modulatory input to ventral respiratory and sympathetic activity generation centers and produce coordinated respiratory and autonomic drives (Abdala et al., 2009) . It is possible that, in this integrative model, modest alterations in NTS modulatory input, such as those probably caused by glial inhibition, might be compensated or ''buffered'' by modulatory inputs from different brainstem nuclei or by intrinsic properties of the respiratory and sympathetic activity generating centers (Abdala et al., 2009) . A similar effect has been observed in the subthalamic nucleus, where Gradinaru et al. (2009) have shown that optogenetic stimulation of astrocytes can successfully inhibit local circuitry but, however, this astrocyte-dependent inhibition does not affect overall behavior.
Previous studies have suggested that NTS glial cells act as receptors for circulating agonist molecules, such as thrombin and tumor necrosis factor, and that neuron-glia interactions may regulate the intensity of vago-vagal reflexes McDougal et al., 2011) . Our results do not contradict this finding; they suggest that, while NTS glia may indeed be important transducers of certain physiological signals, they do not appear to exert a tonic modulatory role on respiratory and sympathetic outflow.
Recent findings from our laboratory have shown that CIH induces significant changes in glutamatergic neurotransmission in the NTS, including a increase in glutamate receptor subunit expression and a apparent paradoxical reduction in the functional effects of glutamate microinjections into the cNTS (Costa- Silva et al., 2012) . These opposing changes in neuronal function can be explained in the context of multiple homeostatic plasticity mechanisms, in which an increase in glutamate receptor expression of NTS neurons would increase the excitation of post-inspiratory neurons of the Bö tzinger complex (Costa- Silva et al., 2012) ; this might be counteracting the effects of increased inhibitory inputs to these neurons by Bö tzinger complex augmenting-expiratory neurons, which is one of the proposed effects of CIH in ventral medullary circuits (Zoccal et al., , 2009b Zoccal and Machado, 2010) .
Given that gliotransmission has been implicated in the homeostatic reorganization of neuronal networks (Fellin et al., 2006; Gordon et al., 2009; Pascual et al., 2005) , it is plausible that astrocytes might contribute to CIH-induced plasticity in the NTS, perhaps through spontaneous or tractus solitarius stimulation-dependent release of ATP, a known modulator of glutamatergic transmission in this nucleus (Accorsi-Mendonca et al., 2009; Antunes et al., 2005; Braga et al., 2007 Braga et al., , 2008 McDougal et al., 2011) . NTS glial cells could also be directly affected by CIH exposure, as it is known that hypoxia directly elicits the release of ATP and adenosine from astrocytes (Kulik et al., 2010; Martin et al., 2007) .
Our findings suggest that, if this hypothesis is true and astrocytes do indeed play a role in controlling neurotransmission in the NTS or the adaptive events related to CIH exposure, then these effects are not tonic, i.e. they do not depend on continuous glial activity. This differs from the conclusions of recent findings by Panatier et al. (2011) , which suggest that astrocytes are continuously regulating synaptic function and neuronal activity in CNS synapses. However, it is still possible that astrocytes might play major roles in the long-term regulation of NTS neuronal activity, as even sporadic and acute glial activation can produce structural and functional changes in central synapses (Gordon et al., 2009) . Additional investigations will be needed to elucidate the role of NTS astrocytes in long-term homeostatic control.
While we have here contributed to the current understanding of neuron-glia interactions in the NTS by ruling out the role of NTS glial cells in acute baseline respiratory and sympathetic control, further studies are required for a complete evaluation of how these cells might affect neurotransmission in brainstem pathways that regulate cardiorespiratory function. Currently, the capability of investigators to evaluate neuron-glia interactions is heavily restricted by methodological constraints, especially in more integrative experimental models (Fonnum et al., 1997; Hamilton and Attwell, 2010; Haydon and Carmignoto, 2006) . In face of our results, new investigations on the role of NTS glia in cardiorespiratory regulation should focus on chronic neuroplastic events, as these seem most likely to be affected by neuron-glia interactions.
4.
Experimental procedures
Animals and care
In this study we used juvenile Wistar rats (19-21 days old) obtained from the Main Animal Care Facility of the University of São Paulo at Ribeirão Preto, Brazil. All experimental procedures were approved by the Ethical Committee on Animal Experimentation of the School of Medicine of Ribeirão Preto, University of São Paulo (protocol 070/2010). Animals used to study the effects of Fluorocitrate microinjected into the NTS were divided in two main groups, those exposed to CIH (n ¼18) and a control group maintained under normoxic conditions (n¼ 15). Both groups were housed in Plexiglas chambers (volume: 210 L) equipped with gas injectors and sensors for O 2 , CO 2 , humidity and temperature. Naïve rats used in the experiments involving microinjections of Fluorocitrate into the ventral medulla (n ¼11) were not housed in the Plexiglas chambers.
Chronic intermittent hypoxia (CIH) protocol
The CIH protocol used in this study has been described elsewhere . In brief, the CIH group was exposed intermittently to 5 min of normoxia (with an inspired oxygen fraction of 20.8%) followed by a reduction of FiO 2 to 6%. This was accomplished by gradually injecting pure N 2 into the chambers for 4 min and stabilizing the inspired oxygen fraction at 6% during the last 40 s. After this period, pure O 2 was injected into the chamber to return the FiO 2 back to 20.8%. This 9 min cycle was repeated 8 h a day (from 9:30 AM to 5:30 PM) for 10 days. During the remaining 16 h, the rats were kept in normoxia. The injections of N 2 and O 2 (White Martins, Sertãozinho, Brazil) into the chamber were regulated with a solenoid valve system controlled by specialized software (Oxycycler; Biospherix, Lacona, USA). In an identical chamber, in the same room, the control group was housed 24 h a day under a FiO 2 of 20.8% a day for 10 days.
Working heart-brainstem preparation (WHBP)
Further descriptions of the WHBP method and associated stereotaxically-guided microinjections into the NTS can be found elsewhere ( Paton, 1996; Zoccal et al., 2008) . In this study, juvenile rats exposed where deeply anesthetized with halothane (AstraZeneca, Cotia, Brazil) until they no longer responded to noxious stimuli. Afterwards, they were hemisected caudal to the diaphragm, eviscerated, exsanguinated and submerged in ice-cold artificial cerebral-spinal fluid (ACSF). The rats were decerebrated at the level of the superior coliculi and their skin was thoroughly removed. The lungs were removed and the descending aorta was isolated and cannulated with a double lumen catheter. Animals were then perfused with ACSF (composed of, in mm: NaCl, 125; NaHCO 3 , 24; KCl, 5; CaCl 2 , 2.5; MgSO 4 , 1.25; KH 2 PO 4 , 1.25; dextrose, 10) containing 1.25% Ficoll (an oncotic agent; Sigma, St Louis, USA) and a neuromuscular blocker (vecuronium bromide, 3-4 mg/ml, Cristá lia, São Paulo, Brazil), using a roller pump (Watson-Marlow 502s, Falmouth, UK). The perfusion pressure was kept stable within the 50-75 mmHg range by adjusting the perfusion flow ( between 21 and 25 ml/min) and by adding vasopressin (600-1200 pm, Sigma, St Louis, USA) to the perfusate . The ACSF was continuously gassed with a carbogenic mixture (5% CO 2 and 95% O 2 ; White Martins, Sertãozinho, Brazil), heated to 31-32 1C and filtered with a nylon mesh (pore size: 25 mm, Millipore, Billirica, USA).
Moraes

Fluorocitrate (FCt) dilution
FCt solutions were prepared according to a protocol based on the study of Paulsen et al. (1987) . In brief, 2 mg of barium fluorocitrate were dissolved in 10 mL of HCl 1 M until it formed a homogeneous solution and a drop of Na 2 SO 4 0.1 mM was added in order to precipitate Ba þ þ ions. Next, 20 ml of Na 2 HPO 4 0.1 mM was added and the solution was centrifuged at 3000G for 10 min. We then isolated the supernatant and diluted it in saline solution (NaCl, 0.9%) to the final concentration of 50 mM. The pH of the final FCt solution was adjusted to 7.4 with sodium bicarbonate (Reagen, Rio de Janeiro, Brazil).
Microinjections into the nucleus tractus solitari (NTS) and ventral medulla
Briefly, FCt and saline solutions were microinjected into brainstem nuclei with glass micropipettes using a pressurized air pump (Picospritzer II, Parker Hannifin Corporation, Fairfield, EUA). Air pulses were calibrated in order to eject approximately 20 nL for each microinjection. Based on the study by Nicholson (1985) , we calculate that a microinjection of this volume can cause drug dispersal in approximately 250-300 mm of brain tissue in all directions.
Microinjection sites in the dorsal medullary surface were determined with the aid of a stereotaxic map of the rat brain (Paxinos and Watson, 2007) and the calamus scriptorium (CS) was used as a landmark. Microinjections in the cNTS were performed with the micropipette being driven into the medulla 0.3 mm caudal and 0.2 mm lateral to the CS and 0.3 mm ventral to the dorsal medullary surface. Microinjections in the iNTS were performed with the micropipette being driven into the medulla 0.3 mm rostral and 0.3 mm lateral to the CS and 0.3 mm ventral to the dorsal medullary surface.
For microinjections into the ventral medulla, the rootlets of the hypoglossal nerves, the trapezoid body and the midline were used as landmarks. Microinjections into the RVLM/Pre-Bö tC were performed with the micropipette into the ventral medullary surface 1.2 mm caudal to the trapezoid body, 1.5 mm lateral from the midline (aligned with the rootlets of the hypoglossal nerves) and 0.35 mm ventral to the brainstem surface. Microinjections into the RVLM/Bö tC were performed with the micropipette being driven into the ventral medullary surface 0.8 mm caudal to the trapezoid body, 1.5 mm lateral from the midline (aligned with the rootlets of the hypoglossal nerves) and 0.35 mm ventral to the brainstem surface.
After each experiment, the brains were removed, fixed in 10% formalin for 1 week and serial coronal sections of the brainstem (40 mm) were cut and stained with the Neutral Red method in order to verify the micropipette trace and identify the center of microinjections. In accordance to the stereotaxic map (Paxinos and Watson, 2007) and previous studies from our laboratory (Costa-Silva et al., 2012; Costa Silva et al., 2010) , identification of NTS subnuclei was performed based on their anatomical position in relation to the area postrema, gracile nucleus, central canal and the dorsal motor nucleus of vagus. Identification of microinjection sites in the RVLM/Pre-Bö tC and RVLM/Bö tC was based on the position of these regions in relation to the nucleus ambiguus, inferior olive, the hypoglossal motor nucleus and the facial nucleus, also in accordance with the atlas by Paxinos and Watson (2007) and previous studies from our laboratory (Moraes et al., 2011 (Moraes et al., , 2012 ).
4.6.
Nerve recordings and analyses of respiratory and sympathetic variables Detailed descriptions on how to perform electrophysiological recordings from nerves in the WHBP can be found in previous publications from our laboratory (Braga et al., 2007; Costa Silva et al., 2010) . In brief, nerve recordings were obtained using bipolar glass suction electrodes held in a micromanipulator (Narishige, Tokyo, Japan) and signals were AC amplified, bandpass filtered (8-3000 Hz) and recorded on a computer using the software Spike 2 (Cambridge Electronic Design, Cambridge, UK). Signal channels were also duplicated, rectified and integrated (100 ms time constant) for analytical purposes.
Phrenic nerve activity (PNA) was recorded at its most distal end and its rhythmic, ramping behavior served as a continuous physiological index of preparation viability. The phrenic nerve controls diaphragmatic movements during eupnoea, therefore PNA bursts represent periods of inspiration. The frequency of these bursts was used to determine respiratory frequency (F R ), the duration of each PNA burst represented inspiration time (T I ) and the interval between two consecutive bursts gives us the expiration time (T E ).
Sympathetic nerve activity (SNA) was recorded from the thoracic sympathetic chain at the level of vertebrae T5-T10. The mean amplitude of the integrated SNA signal was used to calculate baseline sympathetic activity. In order to remove the effects of variability in the signal to noise ratio, baseline SNA was calculated as a percentage of the maximum sympathetic discharge (100%) and the underlying noise level (0%). Maximum sympathetic discharge was measured as the peak b r a i n r e s e a r c h 1 4 9 6 ( 2 0 1 3 ) 3 6 -4 8 of the sympatho-excitatory response to ischemia, obtained after each experiment by turning off the artificial perfusion. Noise level was obtained by continuously recording the SNA 15-20 min after the cessation of arterial perfusion at the end of each experiment, i.e., until the death of the preparation; when no more SNA bursts were visible, the amplitude of the recorded signal was considered as the underlying noise level and was subtracted from the living SNA signal during analysis.
To analyze the pattern of SNA during the respiratory cycle in the respiratory-sympathetic coupling analysis, we considered the SNA peak observed during inspiration/early-expiration to be 100% (theoretical maximum), while the noise level, obtained after the experiments, was considered as the 0% (theoretical minimum). Therefore, reported values of SNA for each respiratory phase are defined as percentage values between these two limits.
4.7.
Experimental protocols and data analysis A total of four experimental protocols were performed in this study: (1) microinjections of FCt into the iNTS and cNTS of CIH rats (CIH-FCt; n ¼9); (2) microinjections of saline into the iNTS and cNTS of CIH rats (CIH-SAL; n¼ 9); (3) microinjections of FCt into the iNTS and cNTS of control rats (Control-FCt; n¼ 7); (4) microinjections of saline into the iNTS and cNTS of control rats (Control-SAL; n ¼8). The effects of acute NTS glial cell inhibition on respiratory and sympathetic activities were determined by the measurement of the following parameters: (a) respiratory parameters F R , T I and T E ; (b) mean SNA; (c) respiratory-sympathetic coupling. With respect to the latter, phrenic-triggered waveform averages of SNA (10 sweeps) were divided into three parts according to the respiratory cycle: inspiration (I, coincident with phrenic burst), phase 1 of expiration or early expiration (E-1, first half of expiration) and phase 2 of expiration (E2, second half of expiration).The mean SNA associated with I, E-1 and E-2 was quantified as the average values obtained during each period and expressed as percentage in relation to the SNA peak during I. All the analyses were performed on integrated signals (time constant: 50 ms) and all studied variables were measured and averaged for 1 min time epochs at various periods before and after NTS microinjections (Costa Silva et al., 2010) .
The values reported herein are expressed as mean7standard error of mean unless stated differently. Shapiro-Wilk normality tests were executed for all data sets to confirm that they followed a Gaussian distribution. Statistical comparisons were executed using two-way ANOVA with within groups repeated measures followed by post hoc Bonferonni tests for all data sets. Values were considered statistically significant when po0.05.
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